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RESUMEN

a  un  modelo  de  fricción  para  los  contactos  continuos  entre  partículas.  Fue  seleccionada  una  geometría  2D  rectangular  con  
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INTRODUCTION

intrinsic  to  the  motion  of  the  particles  and  the  coupling  of  

complete  description  of  sediment  transport  should  consider  

this  phenomenon  because  it  does  not  permit  a  description  of  

to  incorporate  a  description  for  the  solid-­phase  stress  tensor  

The  movement  of  sand  dunes  is  often  a  problem  in  desert  

transport   on   a   micro-­   and   meso-­scale,   and   generating  

These   models   enable   the   design   and   development   of  

control  devices  for  dunes  motion  or  in  the  construction  of  

a  sand  bed  using  an  Eulerian  model  for  both  phases.  The  gas  

contacts.  The  mathematical  model   is   implemented   in   the  

commercial   code  ANSYS-­Fluent®   and   computed   results  

OVERVIEW  OF  SALTATION

small   length  scale  is  on  the  order  of   the  particle  diameter  

and   consists   of  measurements   of   the   ejection   and   impact  

velocities,   ejection   and   impact   angles,   trajectories   of   the  

u* = x
t
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and   concentration   of   particles   in   saturation   decrease  

Figure  1.  Saltation  layer  skew.

momentum  is  transferred  from  the  air  to  jumping  particles  

particle  diameter.  After  the  saturation  length,  the  saltating  

The   main   purpose   of   the   researchers   has   been   to   obtain  
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numerical  simulation  could  be  able  to  give  a  result  close  to  
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NOMENCLATURE

ds   Particle  diameter,  m

a   Particle  radius,  m

Fr     Empirical  material  constant,  Pa

s-­2

go   Radial  distribution  function

l   Length  for  the  averaging  process,  m

p   Pressure,  Pa

ps   Solid  pressure  or  granular  pressure,  Pa

R   Characteristic  length-­scale,  m

-­3

T   Time,  s

s-­1

s-­1

s-­1

that  of  an  isolated  particle

m3 s-­1

m-­3 s-­1

m-­1 s-­1

s

s

s

m3

  

Stress  tensor   N m-­2  

2 s-­2

Subscripts

fri   Frictional

p   Particle  

col   Collisional

sal   Saltation

AEOLIAN  SALTATION  CLOUD  MODELS

rebound   or   dislodge   other   particles,   creating   a   grain  

chain   reaction.   The   visualization   of   particle   collisions   in  

model  useless  for  the  prediction  of  the  patterns  of  erosion  

CFD  MODELS  AND  GRANULAR  KINETIC  THEORY
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interesting   models   to   simulate   the   large-­scale   Aeolian  

mechanism  of  suspension  due  to  turbulence  effects  together  

Saltation   regime   and   turbulent   suspension   regime   called  

the  Saltation  state.

collisions  and  momentum  transfer  from  the  air  stream  to  the  

MATHEMATICAL  MODEL

considered  in  our  simulations,  according  to  the  solid  volume  

condition:    a  <<  l  <<  L.  This  means  that  the  variables  are  

averaged  over  a  region  that  is  larger  than  the  particle  size,  
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Figure  2.

Figure  3.

friction   stress   to   the   solid-­phase   stress   in   the  momentum  
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GEOMETRY,   GRID,   BOUNDARY   CONDITIONS  
AND  INITIAL  CONDITIONS

Figure  4.

®

cell.   According   to   those   results,   the   intermediate   mesh  

Figure  5.
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order  to  reduce  the  number  of  cells  and  the  total  simulation  

®   in   order  

to  mimic   these   conditions,   i.e.,   the   sand  bed   remained   at  

parameters  used  in  the  simulation.

Figure  6.

Table  1.  Parameters  used  in  the  simulation
d
s

s

3

g

3

g

fraction
0.63

s,min
0.5-­0.56-­0.62

E
restitution  

Fr 2

N 2

P 3

R Characteristic  length  scale 0.4  m

Angle  of  internal  friction 30

U

A

B 30303

BL
0.12  m

at  rest
0.01  m

sal
0.4  m

R Characteristic  length  scale 0.4  m

C

1.0

C 1.44

C

1.3



RESULTS  AND  DISCUSSION

beginning  of   the   simulation  until   the  moment   the   sand   is  

2
-­t
1

1
  

1
  is  reached,  

2
.  The  last  part  of  the  process  occurs  

2
  and  t=t

3

seconds  of  real  time.  

according   to   the   chosen   frictional   pressure   model.   The  

to  the  high  solid  pressure  added  in  the  solid  momentum  and  

but   the  slope  for  both  curves   is   the  same.  The  rest  of   the  

Figure  7.

that  around  2  seconds,  all  the  curves  in  the  Figure  8  change  

Figure  8.

of  the  granular  viscosity  and  conductivity  by  Hrenya  and  



1
  and  t

2
,  

Figure  9.

it   presents   the   greater   rate   of   erosion   among   all   curves.  

-­1

a  criterion  of  0.5  for  the  solid  volume  fraction  because  this  

is  the  limit  value  for  the  activation  of  the  frictional.  model  

et  al

Figure  10.

Figure  11.
transport  layer
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constant   saturation   is   reached   near   to   the   0.5m   over   the  

sal

Figure  12.
  

Figure  13.

Velocities

et  al

values  or  a  combination  of  them.  In  Figure  14,  it  is  possible  

it  is  also  seen  in  Figure  12  for  the  concentration  contours.

Figure  14.

of  little  cloud  of  particle  lifting.  From  this  time,  the  initial  

reach   the   outlet   of   the   domain.   This   process   is   achieved  



scale  variables  are  affected,  and  then  these  variables  reach  

indicating  that  the  sand  particles  in  the  simulation  need  to  

over  more  height  from  the  sand  bed.  Here,  it  is  important  to  

particles  jumping  from  1cm  above  the  bed,  and  thus,  there  

Figure  15.

outlet  at  4  seconds

adjustments  has  to  be  realized  in  the  computational  model  

g
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Figure  16.



Figure  17.
over  the  outlet  at  4  seconds

Figure  18.
outlet  at  4  seconds

Figure  19.
the  outlet  at  4  seconds

Above  this  height,  the  granular  temperature  is  zero  due  to  

the  absence  of  particles.    

granular  temperature  ceases.  The  last  description  comes  to  



CONCLUSIONS

inelastic   particle-­particle   collisions   and   incorporating  

frictional   sub-­model   to   describe   the   sustained   contacts  

obstacles,  including  details  about  deposition  and  erosion.

3.  Large-­scale   results   over   predicted   the   erosion   as  

distribution  of  granular   temperature  and   the  mean   free  

Future  work

improve  the  distribution  of  sand  particles  over  the  sand  bed,  

and  granular  conduction.
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